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I.  INTRODUCTION 

The  standard  console  for  an  HP-21  MX 
minicomputer  with  an  HP-9885M  flexible 
(floppy)  disc  is  an  HP-2644/4S  data  station. 
In  fiscal  year  1977  an  HP-21  MX  with  a 
flexible  disc  was  purchased  by  the  Control 
Systems  Branch  of  the  Guidance  and 
Control  Directorate  of  MIRADCOM.  The 
H P data  station  was  not  purchased  because 
of  the  availability  of  a Tektronix  4051 
Graphic  System  that  can  emulate  a 
Tektronix  4012  computer  terminal.  In  this 
report,  software  developments  for  fully 
utilizing  the  marriage  between  the  HP-21 
MX  and  the  Tektronix  4051  are  presented. 
It  is  assumed  that  the  reader  has  some 
familiarity  with  the  following  manuals: 

• RTE-M  Programmer's  Reference 
Manual 

• HP  FORTRAN  Reference  Manual 

• RTE  Assembler  Reference  Manual 

• RTE-M  Editor  Reference  Manual 

• Tektronix  4051  Graphic  System 
Reference  Manual 

• Tektronix  4051  Data  Communi- 
cations Interface  Manual 


2.  SUMMARY  OF  SOFT- 
WARE DEVELOPMENTS 

Tables  1, 2,  and  3 present  asummary  of  all 
symbolic  and  binary  programs  generated  by 
this  author,  along  with  some  frequently  used 
HP  supplied  programs  and  libraries.  Each 
line  of  the  tables  gives  a file  name,  the 


label(s)  of  disc(s)  on  which  the  file  resides, 
and  comments.  The  comments  provide 
information  that  should  aid  in  using  the 
programs  in  the  files. 

In  Table  3,  there  are  references  to  two 
operating  systems,  SYSGEN  and  SYSGN2. 
SYSGEN  is  a Type  M-l  operating  system, 
and  SYSGN2  is  a Type  M-II  operating 
system.  Both  of  these  systems  were 
generated  for  use  with  the  Tektronix  4051, 
operating  in  the  Terminal  Mode[  I].  Before 
entering  Terminal  Mode,  several 
environmental  parameters  that  control  the 
Communication  Interface  of  the  4051  must 
be  set.  Setting  these  parameters  and  entering 
Terminal  Mode  is  easily  accomplished  by 
executing,  on  the  405 1,  the  BASIC  program 
given  in  Appendix  A. 

After  entering  Terminal  Mode,  either  of 
the  above  operating  systems  can  be  “booted- 
in"  from  a floppy  disc.  There  are  two 
different  boot-in  procedures,  one  for 
systems  beginning  in  track  0,  sector  2,  and 
one  for  systems  beginning  in  other 
locations.  (If  no  track  and  sector  numbers 
are  given  on  the  disc  label  for  an  operating 
system,  it  can  be  assumed  to  start  in  track  0. 
sector  2.) 

To  boot-in  systems  beginning  in  track  0, 
sector  2,  bits  zero,  six,  nine,  fourteen,  and 
fifteen  of  the  S-register  to  one  (the  other  bits 
should  be  zero),  i.e.,  1 1 0000 100 1 00000 1 . 
Then,  press  STORE,  1BL,  PRESET,  and 
RUN. 

To  boot-in  systems  beginning  in  other 
locations,  set  bits  six,  nine,  fourteen,  and 
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%TKHP  FORTRAN  Development  Relocatable  version  of  STKHP2 


TXHP  FORTRAN  Development  Absolute  version  of  STKHP.  Relocated  for  execution  under 

Type  I System. 


fifteen  of  the  S-register  to  one  (the  other  bits 
should  be  zero),  i.c  , 1 1 0000 1 00 1 000000 
Look  up  the  octal  equivalents  of  the  track 
and  sector  numbers  (see  p.  F-2  of  the  RTE- 
M System  Generation  Reference  Manual). 
Add  the  track  and  sector  octal  equivalents 
and  store  in  the  B-registcr.  Then,  press  IB1., 
PRESET,  and  RUN. 

3 TRANSFER  PROGRAMS 

A major  problem  that  resulted  from  the 
available  equipment  was  the  inability  to  be 
able  to  transfer  files  from  one  disc  to 
another  Also,  there  was  no  means  to 
backup  files,  i.e..  by  storing  on  alternate 
mass  media.  These  two  problems  were 
solved  by  developing  the  necessary 
computer  coding  to  allow  for  file  transfers 
between  different  discs  and  lor  file  transfers 
between  the  magnetic  tape  cassette  unit  on 
the  4051  and  the  flexible  discs. 

In  addition  to  solving  the  above- 
mentioned  problems,  a goal  was  set  to 
develop  the  necessary  software  to  allow 
programs  written  in  BASIC  on  the 
Tektronix  4051  to  use  the  HP-9885M  for 
mass  storage.  To  achieve  this  goal,  a 
monitor  program  (written  partly  in 
FORTRAN  and  partly  in  assembler)  was 
writtem  for  interfacing  BASIC  program  on 
the  4051  with  files  on  the  9885M. 

A DISC  TO  DISC  TRANSFER 
PROGRAM  (XFER) 

The  disc  to  disc  transfer  program  was 
developed  to  aid  in  transferring  files  from 


one  flexible  disc  to  ar  other.  The  underlying 
principle  of  the  program  is  to  transfer  data 
from  a file  on  one  flexible  disc  to  the 
memory  of  the  HP-21  MX.  mount  a second 
flexible  disc  and  transfer  the  data  from  the 
memory  to  a file  on  the  second  flexible  disc. 
The  computer  coding  to  accomplish  this  is 
given  in  Appendix  B.  I his  program  uses 
several  routines  from  the  File  Management 
Package.  All  these  routines  are  described  in 
the  Programmer’s  Reference  Manual  except 
DCMC  |2|.  This  is  the  mount /dismount 
routine  and  is  FORTRAN  callable.  The  call 
for  a dismount  is 

CALI.  DCMC  (I.  -lu.  0) 
and  for  a mount  it  is 

CALL  DCMC  (0.  lu.  0) 

where  lu  is  the  logical  unit  number  of  the 
disc.  The  last  argument  is  the  last  track 
number  of  the  disc:  if  zero,  it  defaults  to  that 
of  the  disc.  If  this  argument  is  omitted,  the 
disc  will  not  mount.  Actually,  for  a 
dismount  the  first  argument  needs  only  to 
differ  from  zero,  and  thedisc  number  can  be 
used  in  place  of  the  negative  logical  unit 
number. 

Because  of  limited  computor  memory 
there  is  a limit  on  the  size  of  a file  that  can  he 
transferred.  Because  of  this  limit  two 
versions  ol  the  copying  programs  were 
developed.  I he  first  version  can  be  used  to 
transfer  files  w hose  lengths  are  less  than  105 
blocks  (this  is  approximate)  I he  absolute 
binary  version  of  this  program  is  XFFR  It 
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is  located  on  both  the  FORTRAN  DEV. 
DISC  and  the  ASSEMBLER  DEV.  DISC. 
The  symbolic  and  relocatable  binary  reside, 
respectively,  in  the  files  SXF'ER  and 
%XFER  and  are  located  on  the  FORTRAN 
DEV.  DISC. 

The  second  version  has  been  included  as 
the  lone  program  in  a minimum  TYPE  I 
system.  Files  with  lengths  up  to 
approximately  ISO  blocks  can  be 
transferred  with  this  version.  The  TYPE  I 
system  in  which  this  version  is  an  integral 
part  is  located  on  the  SYSCPY  disc.  To  run 
this  version,  “boot-up"  on  this  disc  and  type 
RU.  XFER  or  ON.  XFER.  When  the 
transfer  is  complete,  another  system  must  be 
booted-in  before  another  program  can  be 
loaded  and/or  executed. 

Using  either  version  is  simple  and 
straightforward.  But  remember,  Jo  not 
mount  or  dismount  a disc  until  the 
programs  give  permission.  If  you  do,  you 
might  be  unplcsantly  surprised.  (For 
example,  you  might  find  a directory  on  a 
disc  changed.)  As  an  example  on  the  use  of 
XFER,  consider  transferring  a file  called 
TEST  on  one  disc  to  a file  called  TESTX  on 
another  disc.  Assuming  that  the  program 
has  been  loaded,  the  dialogue  with  the 
computer  is  as  follows: 

•ON,  XFER 

DISMOUNT  A MOUNT  (IF 
DESIRED)  AND  GIVE  FILE  NAME 

TEST 


REMOVE  DISK  & MOUNT  NEW 
DISK  & GIVE  FILE  NAME 

TESTX 

THE  FILE  TESTX  IS  CREATED.  IT  IS 
TYPE  4 AND  IS  -I  BLOCKS  LONG. 

TRANSFER  COMPLETED 
XFER:  STOP  0000 

The  italicized  parts  were  supplied  by  the 
user.  (The  actual  dialogue  with  the 
computer  for  this  example  is  given  in 
Appendix  C.)  The  user  has  the  freedom  of 
loading  and  running  XFER  from  one  disc, 
mounting  a second  disc  and  transferring  the 
file  TEST  to  memory,  and  then  mounting  a 
third  disc  and  transferring  the  contents  of 
memory  to  file  TESTX.  In  the  case  above. 
TESTX  was  not  found  on  the  disc;  thus,  a 
file  was  automatically  created.  The  “-I 
BLOCKS  LONG”  means  that  the  exact 
number  of  blocks  needed  by  the  file  will  be 
used.  If  TESTX  had  existed,  the  file  space 
defined  for  it  would  have  been  used  and 
extents  would  have  been  added  if  needed.  If 
it  is  desired  to  transfer  several  files 
sequentially,  the  program  can  simply  be 
rerun  (however,  do  not  change  discs  until 
given  permission). 

If  errors  occur  in  opening,  closing, 
reading,  writing,  creating,  etc.,  files,  the 
program  will  automatically  terminate  and 
print  the  appropriate  file  management 
negative  error  codes.  The  codes  can  be 
interpreted  by  referring  to  Section  IX  of  the 
Programmer’s  Reference  Manual.  A typical 
error  is  “FMP-b.”  which  usually  means  a file 
is  not  found  or  a disc  is  full. 
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H DISC-TAPE  COMMUNICA- 
TIONS PROGRAM  (TCOM) 

I hc  purpose  of  this  program  is  to  allow 
tile  transfers  between  a magnetic  tape 
cassette  on  the  Tektronix  405 1 and  a flexible 
disc  on  the  H P-9885  M.  This  program  can  he 
used  in  lieu  of  XFF.R.  or  it  can  he  used  to 
transfer  programs  to  tape  for  backup 
purposes.  If  used  in  lieu  of  XFER.  the 
transfer  will  be  slower  because  the  transfer 
rate  is  basically  controlled  by  the 
communications  link  between  the  computer 
and  the  4051  (in  particular,  each  character  is 
transmitted  serially  as  ten  bits  at  a rate  of 
2400  baud).  However,  binary  files  of  more 
than  750  blocks  and  ASCII  Tiles  of  more 
than  1500  blocks  can  be  transferred  by 
1 COM. 

A listing  of  TCOM  is  given  in  Appendix 
l>.  The  absolute  binary  version  is  located  in 
Ihc  file  TCOM  that  is  located  on  the 
FORTRAN  DEV.  DISC.  TCOM  can  be 
loaded  and  run  under  the  control  of  the 
TYPE  I systems  on  the  FORTRAN  DEV. 
DISC  or  on  the  ASSEMBLER  DEV. 
DISC.  The  symbolic  version  and  the 
relocatable  binary  versions  of  TCOM  and 
its  FORTRAN  subroutines.  TRDS  and 
TRTP.  are  located  in  the  files  JTCOM  and 
%TCOM.  respectively,  which  are  also 
located  on  the  FORTRAN  DEV.  DISC. 
The  symbolic  and  binary  relocatable 
versions  of  the  two  assembler  routines 
required  by  TCOM  arc  located  on  the 
ASSEMBLER  DEV.  DISC.  The  symbolics 
of  these  routines  arc  stored  in  the  files 


SOUTSB  and  SINSUB,  and  the  binary 
relocatable!  of  these  programs  are  stored  in 
%OUTSB  and  %INSUB,  respectively. 

In  order  to  use  the  Tektronix  4051  in  the 
Tape  Communications  Mode,  certain 
environmental  parameters  must  he  set  1 1 1.  A 
listing  of  a BASIC'  program  for  setting  the 
required  parameters  is  given  in  Appendix  A. 

As  an  illustration,  the  use  of  TCOM  is 
demonstrated  by  three  examples  Listings  of 
the  dialogue  with  TCOM  and  the  diulogue 
with  the  BASIC'  interpreter  of  the  4051  are 
shown  in  Figures  /.  2,  and  All  lines  less 
than  ten  characters  in  length  were  supplied 
by  the  user. 

In  the  first  example,  the  goal  is  to  transfer 
the  lilc  CAT  to  file  number  four  on  the 
magnetic  tape.  First,  the  user  initiates  the 
execution  of  TCOM  (the  assumption  here  is 
that  TCOM  was  previously  loaded).  Next, 
the  user  types  +1  and  presses  return  to 
indicate  a disc  to  tape  transfer.  After 
mounting  the  disc  with  the  file  to  be 
transferred,  the  user  supplies  the  file  name 
(in  this  case.  CAT)  along  with  a carriage 
return.  The  computer  prints  three  lines  of 
information  and  instructions.  The  user 
selects  a tape  file  by  pressing  the  shift  key 
and  the  FIND  FILE  key;  then  he  types  4. 
The  tape  is  then  positioned  to  file  number 
four.  (It  is  assumed  that  the  DATA 
COMMUNICATIONS  OVERLAY  has 
been  placed  over  the  USER  DEFINED 
KEYS  on  the  4051.)  He  then  types  -I  (no 
carriage  return)  and  presses  the  DATA 
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Figure  1.  Disc  to  tape  transfer  example. 


Figure  2.  Tape  to  disc  transfer  when  file  existed. 
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Figure  3.  Tape  to  disc  transfer  when  file  did  not  exist. 
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RECEIVE  key.  At  this  point  the  transfer 
begins.  Some  overprinting  of  the 
information  going  to  tape  will  occur  on  the 
screen.  When  the  transfer  is  complete,  the 
program  will  return  to  the  initial  point,  and 
the  transfer  of  other  files  can  be  initiated  or 
execution  can  be  terminated.  The  latter  was 
done  in  this  case. 

The  examples  shown  in  Figures  2 and  3 
illustrate  transfer  from  tape  files  to  disc  files. 
It  is  easily  seen  that  the  dialogue  is  similar 
One  major  difference  between  disc  to  tape 
and  tape  to  disc  transfers  is  that  tape  to  disc 
transfers  require  the  user  to  supply  a file 
type  APPENDIX  Hand  a file  name.  When  a 
file  is  transferred  from  disc  to  tape,  the  user 
must  remember  the  file  type  if  he  plans  to 
transfer  the  file  back  to  a disc.  Type  4 files 
are  assumed  to  be  binary.  Since  the  data 
communications  interface  of  the  4051 
communications  interface  of  the  40SI 
assumes  ASCII  data  only,  the  transfer  of 
disc  binary  files  to  tape  is  accomplished  by 
coding  each  16  bit  binary  word  into  four 
ASCII  characters.  (Because  of  this,  binary 
files  require  twice  as  much  magnetic  tape 
storage  as  disc  storage.)  Thus,  when  files 
that  arc  designated  as  binary  are  transferred 
Irom  tape  to  disc,  a decoding  process  takes 
place.  On  the  other  hand,  ASCII  files  (type 
4)  are  transferred  unaltered.  Similarly,  it  is 
desired  to  transfer  magnetic  tapes  files  that 
have  been  generated  with  the  Tektronix 
BASIC  interpreter  to  disc  files;  they  must  be 
generated  as  ASCII  files. 


The  goal  of  the  example  in  Figure  2 is  to 
transfer  the  tape  file  4 to  the  disc  file  CA 12. 
It  is  known  that  the  information  in  file  4 is 
coded  binary. 

The  goal  of  the  example  presented  in 
Figure  3 is  to  transfer  file  4 on  the  tape  to  the 
type  4 file,  CAT3,  on  the  disc.  The  difference 
between  the  examples  of  Figures  2 and  3 is 
that  CAT3  did  not  exist;  however,  as 
indicated  in  Figure  3,  it  was  created  as  the 
appropriate  type  file. 

As  with  XFER,  if  TCOM  encounters 
errors  in  accessing  disc  files,  the  program  is 
automatically  terminated  and  the  file 
management  negative  error  codes  arc 
displayed.  In  addition,  if  the  magnetic  tape 
unit  on  the  4051  detects  errors,  the 
appropriate  message  will  be  printed  on  the 
screen. 

C.  BASIC  TO  DISC  COMMUNI- 
CATIONS PROGRAM  (TKHP) 

The  purpose  of  the  BASIC  to  Disc 
Communications  Program  is  to  provide  an 
interface  between  BASIC  programs 
executing  on  the  Tektronix  4051  and 
flexible  discs  residing  in  the  H P-9885 M disc 
drive.  The  program,  TKHP.  is  written 
partly  in  FORTRAN  and  partly  in 
assembler.  A list  of  the  program  is 
given  in  Appendix  E.  The  absolute  binary 
version  of  the  program  is  located  on  the 
FORTRAN  DEV.  DISC  in  the  file  TKHP 
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It  can  be  run  under  the  control  of  the  Type  I 
systems  on  either  the  FORTRAN  DEV. 
DISC  or  the  ASSEMBLER  DEV.  DISC. 
The  symbolic  and  relocatable  binary  files 
for  the  FORTRAN  part  of  the  program  are 
located,  respectively,  in  the  files  STIC  HP 
and  %TKHP,  located  on  the  FORTRAN 
DEV.  DISC.  The  assembler  part  of  the 
program  has  three  entry  points,  HELP, 
INP,  and  OUT.  The  symbolic  and  binary 
relocatable  versions  of  this  part  are 
located  respectively,  in  the  files  SHELP  and 
%HELP  located  on  the  ASSEMBLER 
DEV.  DISC. 

The  principle  of  operation  of  TK HP  is  as 
follows.  After  starting  the  execution  of  the 
program,  the  user  is  asked  to  give  the  names 
of  up  to  eight  files  that  are  to  be  made 
available  for  I/O  with  the  Tektronix  BASIC 
Interpreter.  (At  this  point  the  user  can  also 
mount  a different  disc.)  He  can  use  any  or  all 
of  the  eight;  however,  he  must  remember 
which  file  number  goes  with  which  name.  If 
any  of  the  files  do  not  exist,  they  will  be 
created  with  lengths  of  20  blocks  (extents 
will  be  added  if  needed).  The  program  tells 
the  user  which  files  are  created,  which  files 
are  not  being  used,  and  how  many  files  are 
open.  Then  a “ready"  indicator  is 
transmitted  to  the  screen  of  the  4051. 

At  this  point  the  program  is  waiting  for 
instructions  from  a BASIC  program 
running  on  the  4051.  These  instructions 
must  come  in  the  form  of  ASCII  character 
strings,  followed  by  a carriage  return.  Table 


4 defines  the  instruction  set,  where  n is  a 
numerical  from  one  to  eight. 

Fora  BASIC  program  to  input  a record  of 
ASCII  data  from  file  ? on  the  disc,  the 
following  sequence  can  be  used: 

PRINT  @40:  “I?"(?  Any  file  I through  8) 

INPUT  @ 40:  (Variable  list). 

(Note:  On  input  and  output,  variable  lists 
cannot  contain  matrices:  elements  of 
matrices  are  acceptable.)  To  avoid  the 
possibility  of  losing  data  there  should  be  no 
statements  separating  these  two.  It  is 
assumed  that  the  variable  list  is  compatible 
with  the  record  that  is  forthcoming,  i.e.,  the 
number  of  variables  is  equal  to  the  number 
of  numbers,  etc.  (A  number  has  the  normal 
definition  for  free  field  input  with  the 
BASIC  INPUT  statement.)  By  knowing  the 
format  of  the  data,  the  input  can  also  be 
made  under  format  control. 


For  the  reading  of  matrix  values  (A)  from 
disc  to  terminal,  the  following  sequence 
should  be  used: 


FOR  1=1  to  P 
FOR  J=l  to  0 

PRINT  @40:  “I?"  (?  Any  file  1 
through  8) 

INPUT  @40:  A (l,J) 

NEXT  J 
NEXT  I 


I 


TABLE  4.  COMMANDS  FOR  TKHP 


CHARACTER 

STRING 

INTERPRETATION  BY 

TKHP 

Rn 

Rewind  file  n . * 

On 

Output  the  following  logical  record 
to  N. 

In 

Send  the  next  logical  record  from  N . 

E 

End  execution  of  TKHP. 

| * If  n is  omitted,  a default  to  file  1 occurs.. 

In  order  to  output  a record  from  a BASIC 
program  to  file  the  following  sequence 
must  be  used: 

PRINT@40:  “0?"(?  any  file  I through  8) 

INPUT @40:  PS 

PRINT @40:  USING  XXX:  (variable 
list). 

The  first  statements  tell  TKHP  to  prepare  to 
receive  a record  of  data.  The  second 
statement  forces  the  BASIC  program  to 
wait  until  TKHP  is  prepared  to  receive  the 
data  (PS  can  be  any  target  variable.  The 
character  P is  actually  what  is  read  in 
TKHP).  The  third  statement  outputs  the 
record  to  the  disc.  In  this  statement  XXX  is 
used  to  denote  the  statement  number  of  the 
format  statement.  Although  a formatted 
output  is  not  required,  it  is  advisable  in 
order  to  ‘‘pack”  the  data  on  the  disc. 
Unformatted  output  can  waste  valuable  disc 
space  with  blank  characters.  Outputting 
data  to  any  of  the  other  eight  files  should  be 
obvious. 


For  each  block  of  data  to  be  read  on  the 
disc,  the  previous  sequence  must  be 
repeated.  Any  number  of  variables  can  be 
printed  from  the  terminal  to  the  disc  as  long 
as  the  image  statement  reflects  the  number 
[e.g.,  IMAGE  4(3D)]  of  variables  in  the 
string  (four  in  this  case)  and  the  variable  list 
defines  them  (e.g.,  P.  Q.  R,  S)  with  a 
carriage  return  after  the  last.  Inherent  in  the 
TKHP  program  is  a maximum  number  of 
128  in  any  variable  string. 

For  transferring  a P by  Q matrix  A to  the 
disc,  the  following  sequence  should  be  used: 

FOR  1=1  to  P 
FOR  J=l  to  0 

PRINT@40:  “0?”(?  any  file  I through  8) 
INPUT@40:  PS 
PRINT @40:  A(I.J) 

NEXT  J 
NEXT  I 

Rewinding  file  ? using  a BASIC  program 
can  be  accomplished  with  the  following 
statement: 
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PRINT  @ 40:  “R?" 

If  a file  is  being  used  for  a scratch  flic,  i.e., 
input  and  output  in  the  same  program,  it 
should  be  rewound  before  inputting  from  it 
after  output  has  occurred. 

To  illustrate  the  utility  of  TKHP  in 
providing  the  link  between  the  Tektronix 
BASIC  and  a flexible  disc,  the  BASIC 
program  shown  in  Figure  4 was  written.  The 
program  reads  values  for  X,  Y,  and  Z from 
file  I and  values  for  W and  U from  file  2. 
Five  computations  are  made  using  X,  Y,  Z, 
W.  and  U,  producing  values  for  P,  Q,  R,  V, 
and  S.  Then  P,  Q,  R.  V.  and  S are  printed  on 
file  3.  This  is  repeated  while  reading  two 
records  from  files  I and  2.  Then,  file  I is 
rewound,  and  the  above  is  repeated  except 
that  records  I and  2 of  file  I are  used, 
respectively,  with  records  3 and  4 of  file  2.  A 
total  of  four  records  is  printed  on  file  3. 
Finally,  the  BASIC  program  terminates  the 
execution  of  TKHP  and  returns  the  405 1 to 
Terminal  Mode. 

The  sequence  of  events  that  occur  prior  to 
and  during  the  execution  of  the  BASIC 
program  in  Figure  4 is  shown  in  Figure  5. 
TKHP  is  loaded  into  memory  and  run.  The 
files  TEST.  TESTX,  and  TESTY  are 
assigned  the  numbers  one,  two,  and  three, 
respectively.  One  or  more  blanks  are  entered 
for  the  other  five  files  to  indicate  they  are  not 
being  used.  Then,  the  computer  indicates 
that  TESTY  was  not  found  on  the  disc:  thus, 
it  is  created.  The  files  not  being  used  and  the 
number  of  files  open  are  printed.  Then,  the 


ready  indication  is  received.  The  user  then 
presses  the  return  to  BASIC  key.  The 
BASIC  program  in  Figure  4,  which  had 
been  previously  loaded  into  memory  of  the 
4051,  is  run.  Upon  completion  of  the  BASIC 
program,  the  4051  returns  to  Terminal 
Mode  and  the  indication  of  the  completion 
of  TKHP  is  printed. 

Figure  6 shows  the  session  with  the  HP- 
21  MX  for  aborting  TKHP,  loading  the  file 
manager  (FMGR)  and  inspecting  the  files 
TEST,  TESTX.  and  TESTY.  Prior  to 
execution  of  TKHP  and  the  BASIC 
program,  the  files  TEST  and  TESTX 
existed  with  the  contents  shown.  However, 
the  file  TESTY  was  created  and  its  contents 
were  generated  by  the  BASIC  program. 

4.  SUMMARY  AND 
CONCLUSIONS 

In  this  report,  software  developments  for 
fully  utilizing  the  marriage  between  a 
Tektronix  4051  Graphic  System,  an  HP- 
21  MX  minicomputer,  and  an  HP-9885M 
flexible  disc  drive  have  been  presented. 
First,  tables  summarizing  the  software  that 
has  been  specifically  developed  for  this 
combination  by  this  author  were  presented. 
Then,  three  programs  that  were  developed 
as  aids  in  data  transfer  between  the  devices 
were  presented  and  discussed.  The  use  of 
each  of  the  programs  was  illustrated  with 
one  or  more  examples. 

Software  developments  presented  in  this 
report  have  added  to  the  flexibility  of  the 
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Figure  4.  BASIC  program  for  showing  utility  of  TKHP.  Figure  5.  Example  execution  of  TKHP. 


above  combination  of  equipment.  However, 
the  addition  of  other  equipment  would 
enhance  the  flexibility  even  more.  In 
particular,  the  addition  of  another  flexible 


disc,  another  32K  of  memory,  of  an  HP- 
2644/45  data  station  and  of  a line  printer 
would  more  than  double  the  capability  of 
the  system. 
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APPENDIX  A 


The  following  is  a listing  of  a BASIC 
program  for  setting  certain  environmental 
parameters  and  putting  the  Tektronix  405 1 
in  Terminal  Mode. 


100  CALL  “RATE-,  2400,5.0 
1 10  CALL  “MARGIN",  0,0,0 
120  CALL  “TSTRIN",@ “J",  “D” 
130  CALL  “PROMPT",  l,0,“R" 
140  CALL  “TERMN” 

150  END 
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APPENDIX  F 
LISTING  OF  FILE  TYPES 


non-flexible  disc  file 


fixed  length  128- word  record 


fixed  length  records;  user  defines  length 


variable  length  record,  sequential  access,  automatic  extents 


ASCII  code  and  source  programs  (otherwise  like  type  3 files) 


relocatable  binary  code  (otherwise  like  type  3 files) 


absolute  binary  (otherwise  like  type  3 files) 


It 
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LIST  OF  ABBREVIATIONS 
AND  SYMBOLS 


ASSM 

ASSEMBLER 

PROG. 

PROGRAM 

j 

@ 

Control  @ . Obtain  by  pro- 

R 

Control  R.  Obtained  by  pressing 

sing  control  and  (^simultaneously 

control  and  R simultaneously 

t 

j- 

D 

Control  D character.  Obtained  by 

TCOM 

Tape  Communications  Program 

. 

pressing  control  and  D character 

TKHP 

BASIC  to  Disc  Communications 

simultaneously 

Program 

FMP 

File  Management  Package 

XFER 

Program  for  transferring  files 

FORT. 

FORTRAN 

from  one  disc  to  disc 

J 

Control  J.  Obtained  by  pressing 

4051 

Tektronix  405 1 graphic  system 

control  and  J simultaneously 

9885 M 

HP-9885M  flexible  disc  drive 

\ 

lu 

Logical  unit  number 

49 


ir  nr  Ali^i.r  ■fitimiii 


BUM 


DISTRIBUTION 


No.  of 
Copies 

Defense  Documentation  Center 
Cameron  Station 

Alexandria.  Virginia  22314 

12 

IIT  Research  Institute 

ATTN:  GACIAC 

10  West  35th  Street 

Chicago.  Illinois  60616 

1 

No.  Ol 
Copies 


DRSMI-LP.  Mr  Voigt  1 

DRDMI-TG.  Mr.  Huff  1 

DRDMI-T,  Dr.  Kobler  1 

DRDMI-TGC.  Mr.  Griffith  40 

DRDMI-TBD 
DRDMI-TB 

DRDMI-TI  (Record  Set)  1 

(Reference  Copy)  1 


CO  CO 


